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Int roduct ion 
Turkish vowel harmony is a widely known phenomenon; nevertheless, the studies on Turk-
ish harmony to date have been mostly theoretical (Clements and Sezer 1982, Charette and 
Goksel 1998 among others). There are a few experimental studies on Turkish such as Zim-
mer (1969), Yava? (1980) and Altan (2008) but these studies have not taken into consider-
ation the statistical distribution of vowel pairs in Turkish. However, as Kabak (2007) 
points out, there are restrictions on the co-occurrence of the vowels from the set of un-
marked 5 vowel system [a,e,i,o,u]. As an example, "[i] prefers to precede [a] more than 
[a] prefers to precede [i], (31% of all [i]-initial roots are [i-a] vs. 16% of all [a] initial roots 
are [a-i]). Likewise, [u-a] is far more common than [a-u] among the combination of these 
two vowels (52% vs. 7% respectively)" (Kabak 2007). 
Given this asymmetry in the distribution of vowel pairs, the question is how the fre-
quency and vowel harmony interact, and if frequency can have a stronger influence than 
vowel harmony. For instance, given [a] in the first vowel position, would Turkish speak-
ers prefer a second vowel as [u] because it agrees with [a] in backness, or would they pre-
fer [i] because it has a higher frequency rate although it violates vowel harmony? How 
would the speakers of a non-harmonic language like English process the same vowel 
pairs? (i.e., would frequency be the only criterion in a non-vowel harmonic language?) 
This study aims to investigate these research questions. The structure of the paper is as 
follows: In section 1, we will briefly discuss the properties of Turkish vowel harmony. In 
section 2, we will report the results of two experiments investigating whether the fre-
quency of certain vowel pairs have an effect on processing of vowel harmony. This is fol-
lowed by a general discussion and summary in section 3. 
1. Turkish vowel h a r m o n y 
Turkish has an eight-vowel system, which consists of all combinations of the distinctive 
front/back, high/low, and rounded/unrounded features. In native Turkish words with 
more than one syllable, vowel harmony requires the second vowel to harmonize with the 
first one. There are two kinds of harmonization processes in Turkish: back-front harmony 
and rounding harmony (Goksel and Kerslake 2005). 
Back-front harmony assimilates a vowel with the vowel in the preceding syllable in 
terms of backness or frontness. This means that a front vowel can only be followed by a 
front vowel e.g. emek 'effort', ipe/c 'silk', enfc'plum', ekim 'October'. A back vowel, on the 
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other hand, can only be followed by a back vowel, e.g. ara 'break', i$ik 'light', an 'bee', 
islak'wet'. 
Rounding ha rmony assimilates a vowel with the vowel in the preceding syllable in 
terms of roundness. This process affects in particular suffixes, e.g. gul-dii-niiz 'you laugh-
ed', don-du-nuz 'you froze', bdl-ii$-tu-nuz'you shared'. 
2. Tes t ing t w o h y p o t h e s e s 
The goal of this study is to test two hypotheses. We will refer to the first one as the 
Vowel-Harmony-based Processing Hypothesis (VHPH) according to which vowel har-
mony affects how the speakers of a vowel harmonic language process a stream of sounds. 
Alternatively, the Frequency-based Processing Hypothesis (FPH) would suggest that the 
speakers of a language process a stream of sounds according to the co-occurrence pat-
terns of vowel pairs. 
2.1. E x p e r i m e n t 1 
In Experiment 1, we presented native speakers of Turkish wi th nonsense words that con-
sisted of two vowel harmonic pairs: [a-u] and [u-a] (both back vowels), and two dishar-
monic vowel-pairs [a-i] and [i-a]. VHPH and FPH make different predictions about h o w 
Turkish native speakers process these vowel pairs. According to VHPH, if the speakers of 
a language have vowel ha rmony in their native language, they should prefer to process a 
stream of sounds in a w a y that the whole word will be harmonic. Therefore, V H P H pre-
dicts that upon hear ing [a] in the initial position of a word, the native speakers of Turkish 
should expect to hear a back-vowel, which might lead them to have processing difficulties 
with [a-i] pairs relative to [a-u] pairs. FPH, on the other hand, predicts that upon hear ing 
[a] in the initial position, the speakers of Turkish should process [i] more quickly and re-
liably because the [a-i] pair is more common than the [a-u] pair al though [a-i] is not 
vowel harmonic (As we noted earlier, according to Kabak (2007), 16% of all [a] initial 
roots are [a-i] while the f requency of [a-u] pairs is 7%). 
2.1.1. Pa r t i c ipan t s 
25 native speakers of Turkish took part in the experiment. All participants were under-
graduate students at Bogazigi University, Turkey.1 The part icipants took part in the exper-
iment voluntari ly and did not receive money compensat ion or course credit for their 
participation in the experiment. 
1 We would like to thank the Linguistics Department at Bogazipi University for facilitating the 
experiment. 
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2.1.2. Materials 
We constructed an artificial nonsense word list by using a CVCVC template. In con-
structing the artificial words, we used 5 unmarked vowels2 and 11 consonants (5 labials 
and 6 coronals), which are listed below: 
Vowels: [a e i o u] 
Consonants: [p, b, m, f, v, n, t, d, s, z, r] (with some restrictions on C2 and C3 
positions) 
We avoided using CVCV templates with one of the vowels from the set of [i,u,a,e], 
which are case markers in Turkish in order not to have nonsense words that resemble real 
words in Turkish.3 Also note that we avoided using palatal consonants because they are 
reported to trigger the use of front vowels in Turkish (Kornfilt 1997). Furthermore, we re-
duced the number of consonants for the second and third consonant positions for the rea-
sons that we will discuss below. 
For the second consonant position we excluded the labials [p,b,m,f,v] because accord-
ing to Lees' (1961) labial attraction rule, intervocalic labial consonants [e.g. kavun 'melon', 
sabun 'soap', pamuk 'cotton', topuz 'knob'] influence vowel rounding in the second 
syllable. There are many exceptions to Lees' labial attraction rule and there are several 
counter arguments against this rule (Zimmer 1969, Clements & Sezer 1982, Inkelas et al. 
2001 among others); however, to eliminate this possible confound, we avoided using labi-
als in the second consonant position and were left with 6 coronals [n, t, d, s, z, r] for this 
position. 
For the third consonant position, we avoided using plosives because according to 
Kornfilt (1997), "Turkish has a phonological rule that devoices syllable final plosives and 
affricates. Therefore, no word final plosives or affricates are found in Turkish with very 
few exceptions" (p. 491). We had no affricates but had 4 plosives [p,b,t,d] and after taking 
those out, we were left with 7 consonants for the third consonant position: [m, f, v, n, s, z, 
r]. As one additional constraint on C3 position, we avoided using [m] and [n] because 
these two consonants might function as the first person possessive and second person 
possessive endings in Turkish and we did not want to have nonsense words that might re-
semble Turkish words. Exclusion of [m] and [n] left us with the following 5 consonants 
for the final consonant position: [f, v, s, z, r]. 
To recapitulate, we used 11 consonants for Ci position, 6 consonants for C2 position 
and 5 consonants for C3 position. This means that there were 330 possible CVCVC 
templates (11x6x5). Out of these 330 possible templates, we created 84 non-word CVCVC 
templates. 
2 We used 5 unmarked vowels and excluded 3 Turkish vowels that do not exist in English (i.e. 
vowels I, ii and 0] because we ran the experiment in a non-harmonic language, i.e. English (see 
Section 2.2.) and wanted to keep the stimuli consistent in both experiments. 
3 Note that Altan's (2008) study makes use of CVCV template and some of the non-words that end 
[i], [u], [a], [e] turn out to be real words. For example, following non-words from Altan (2008) 
are actual words in Turkish: tez-i. Apart from this, Altan's (2008) study consists of some "non-
words" which exist in Turkish such as vize'visa' and gezi ' trip' . 
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In order to ensure that these templates did not give rise to real Turkish words, we 
tested if each template existed in the Turkish Electronic Living Lexicon (TELL), which is 
an online database of about 30,000 words. 
After creating 84 CVCVC templates, we constructed two different sets of test items by 
using these templates. In one set we plugged in [a] as the initial vowel, and then [i] or [u] 
in the second vowel position, which gave us a total of 168 items. In the second set, we 
created another set of test items by inserting in the CVCVC templates [i] or [a] in Vi 
position, and [a] in V2 position, which gave us 168 items. Hence, altogether we had 336 
test items of [a-i], [a-u], [i-a] and [u-a] pairs. 
Note that the experiment included an equal number of harmonic and disharmonic 
nonsense words to make sure that the participants would not be able to form a vowel-
harmonic or vowel-disharmonic bias within the experiment. 
2.1.3. Procedure 
All experimental stimuli were presented using an HP computer via Presentation stimulus 
presentation software (Neurobehavioral Systems, Inc., Albany, CA). Participants heard all 
the stimuli over head-phones and all stimuli were presented in the background of wide-
band noise which was mixed at runtime. 
Experiment 1 consisted of two conditions: vowel-final and vowel-initial. Each part of 
the experiment was preceded with a training phase to familiarize the participants with 
the task. The training items consisted of 8 non-words (4 harmonic and 4 disharmonic 
items) which were different from the test items. 
In the vowel-final condition, the participants were instructed to listen to the second 
vowel sound, and were presented with non-words from the lists that contained [a-i] and 
[a-u] pairs. In the vowel-initial condition, the participants were instructed to listen to the 
first vowel sound and they heard CVCVC pairs from the non-word list (i.e. from [i-a] and 
[u-a] pairs). For each word they listened to, the participants were instructed to press "F" 
on the keyboard if the vowel in the critical position was [i], and "J" if the vowel in the 
critical position was [u]. Presentation of test items was randomized with a different order 
for each participant. 
Note that half of the participants were first presented with vowel-initial items and 
then with vowel-final items while the other half was presented with items in the reverse 
order to ensure that the order in which the items were presented would not be a con-
founding factor. 
2.1.4. Results 
Participants' errors were recorded for both harmonic and disharmonic non-words. We 
ran a Generalized Linear Mixed Model analysis in R (2.9) modeling the errors with 
Poisson distribution, with subject as a random effect and condition as the fixed effect. 
Figure 1 illustrates the errors that Turkish native speakers made. 
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Errors for Turkish speakers 
Figure 1. Boxplots showing error data from all Turkish speakers (R 2.9; see Crawley 2005). 
10 ' 
As can be seen in Figure 1, [a-u] vowel pair had significantly more errors than the other 
conditions (p<0.0001, post-hoc Tukey HSD), and there was no other significant dif-
ference. These results do not support a vowel-harmony based hypothesis, according to 
which we would expect to see more errors with non-harmonic vowel pair [a-i]. However, 
they do lend some support for the frequency-based hypothesis because, as noted earlier, 
the frequency of [a-i] pair in Turkish is higher than the frequency of [a-u] pair, and hence 
it is not surprising that given [a] in the first position, Turkish speakers responded with [i] 
leading them to make more errors with [a-u] pair. 
The number of errors for [i-a] and [u-a] pairs is not predicted either by VHPH or by 
FPH because VHPH predicts that the number of errors should be higher with [i-a] pair 
since it is disharmonic. FPH also predicts that the number of errors would be higher with 
[i-a] pair because as reported by Kabak (2007), [i-a] pair is less common than [u-a] pair 
(31% frequency rate for [i-a] pair vs. 51% frequency rate for [u-a] pair). However, as can 
be seen in Figure 1, the number of errors is fairly close to each other. This unexpected 
result is probably due to the fact in [i-a] and [u-a] pairs, the vowel sound being tested 
was in the initial position, and therefore the participants could not make use of the infor-
mation about co-occurrence patterns or vowel harmony both of which require identifi-
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cation of the first vowel sound. 
2.2. Experiment 2 
In this experiment, we used the same stimuli as Experiment 1 but this t ime we presented 
the items to native speakers of English. Since English does not have a phonological proc-
ess like the vowel ha rmony rule in Turkish, the VHPH predicts that vowel h a r m o n y will 
not have an effect on the way native speakers of English process the vowel pairs, and 
hence they are likely to have fairly close number of errors both for harmonic and dishar-
monic pairs. The FPH, on the other hand, predicts that the f requency of the vowel pairs in 
the test items will affect the w a y English speakers process these pairs. In Gage Dict ionary 
(a database of 27,310 English words), the [a-i] vowel pair is more common than the [a-u] 
vowel pair (1.79% vs. 0.20%) while the frequency of [i-a] and [i-u] pairs are fairly close to 
each other (0.2 % for [i-a] vs. 0.1% for [u-a] pair).4 Therefore, the FPH predicts tha t 
English native speakers are more likely to have [a-u] errors, and the number of errors for 
[i-a] and [i-u] pairs should be close to each other as their f requency rate is fairly similar. 
In other words, the FPH predicts that the native speakers of English process the test i tems 
like Turkish native speakers. 
2.2.1. Participants 
30 native speakers of English took part in the experiment for course credit. All partici-
pants were undergraduate students f rom the University of Maryland who had no previ-
ous knowledge of a vowel harmonic language. 
2.2.2. Materials 
Materials used in Experiment 2 were identical to the ones used in Experiment 1. 
2.2.3. Procedure 
The procedure was identical to that of Experiment 1. 
4 The frequencies of vowel pairs for English were calculated by conducting a search for the number 
of lexical items that have [a-i], [a-u], [i-a] and [u-a] vowel pairs in Gage dictionary, and then 
type counts were converted into percentages. We would like to thank Brian Dillon for his help in 
calculating the relative frequencies of vowel pairs in English. 
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2.2.4. Results 
Similar to Experiment 1, we ran a Generalized Linear Mixed Model analysis in R model-
ing the errors with Poisson distribution, with subject as a random effect and condition as 
the fixed effect. Figure 2 illustrates the errors that English native speakers made. As can 
be seen in Figure 2, [a-u] pair had significantly more errors (p<0.0001, post-hoc Tukey 
HSD) followed by [a-i], [u-a] and [i-a] pairs. There was no significant difference between 
[i-a] and [u-a] vowel pairs. 
Hence, predictions of the VHPH were not borne out in Experiment 2 either. As can be 
seen in Figure 2 below, the highest number of errors for English native speakers was with 
[a-u] vowel pair. As indicated earlier, a vowel ha rmony based account predicts that 
English native speakers would make fairly close number of errors for both harmonic and 
disharmonic pairs. 
However, predictions of the FPH were borne out because [a-u] vowel pair is less 
f requent than [a-i] pair, and the highest number of errors for English speakers was wi th 
[a-u] pair. This indicates that given the vowel sound [a] in the first position, English na-
tive speakers perceived the second vowel sound as [i] even when they heard [u] because 
[i] is more likely to follow [a] than [u]. Note that since the f requency of [i-a] and [i-u] 
pairs is close to each other, it is not surprising that the number of errors for those two 
pairs is fairly close. 
Errors for English speakers 
Figure 2. Boxplots showing error data f rom all English speakers (R 2.9; see Crawley 2005). 
368 Ilknur Oded - William Idsardi - Ariane Rhone 
3. General Discussion 
In this study, we investigated the processing of four vowel pairs by native Turkish 
speakers and English native speakers. A table summariz ing the f requency of the vowel 
pairs used in this study is given below in Table 1: 




[a-u] 7% 0.20 % 
[a-i] 16% 1.79% 
[u-a] 52% 0.175 % 
[i-a] 31% 0.22% 
Table 1. Frequency of [a-u], [a-i], [u-a] and [i-a] vowel pairs5 
What was crucial for this study was the fact that in Turkish, disharmonic [a-i] pair is 
more common than harmonic [a-u] pair. Turkish speakers are more than twice as likely to 
hear [i] as compared to [u] (16% to 7%). If they hear [u], then they are very likely to hear 
[a] next (52%) but less so if they hear [i] first (31%). Also note that interestingly both in 
Turkish and English disharmonic vowel pair [a-i] is more common than harmonic [a-u] 
pair. Taking this as a starting point, we conducted two experiments to test a vowel har-
mony based account (referred to in this study as the VHPH) and a f requency based ac-
count (referred to here as the FPH). 
Experiment 1 was conducted on Turkish native speakers. According to the VHPH, if 
we expect Turkish speakers to comply wi th vowel ha rmony in processing a s t ream of 
sounds, then given [a] in the first syllable, we would expect them to anticipate [u] in the 
second syllable, and hence more readily perceive the second sound as [u]. 
On the other hand, the FPH predicts that since [a-i] is more common than [a-u], the 
Turkish speakers will anticipate [i] in the second vowel position. The results of Experi-
ment 1 showed that the predictions of the FPH were borne out because Turkish speakers 
favor the co-occurrence patterns of vowel pairs over vowel ha rmony making fewer errors 
with [a-i]. In other words, Turkish speakers made more errors wi th [a-u] pairs indicating 
that given [a] in the first vowel sound position, they perceived the second vowel sound as 
[i] which does not comply with vowel harmony. 
As for the second part of the study, in Experiment 2, we tested the VHPH and the FPH 
on native speakers of English in order to investigate the processing of vowel harmonic 
and disharmonic vowel pairs f rom Experiment 1 in a language that does not have vowel 
harmony. 
5 As noted earlier, the frequency of Turkish vowel pairs are based on the figures from Kabak 
(2007), and frequency of vowel pairs in English was calculated by using Gage dictionary. 
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The VHPH predicts that since English does not have vowel harmony, vowel harmony 
should not have an effect, and therefore upon hearing [a] in the first vowel position, na-
tive speakers of English might either anticipate [i] or [u] in the second position. The FPH, 
on the other hand, predicts that given [a] in the first vowel position, English speakers 
would anticipate hearing [i] in the second vowel position as [a-i] pair is more common in 
English. This would translate into more errors with [a-u] pairs for English speakers. As 
we noted earlier in the discussion of Experiment 2, English speakers made more errors 
with [a-u] pairs showing that the predictions of the FPH are borne out. 
We noted that the number of errors made by both Turkish and English speakers were 
fairly close to each other for [i-a] and [u-a] pairs. This was unexpected under the FPH at 
least for Turkish because in Turkish, the frequency of [u-a] is higher than that of [i-a]. We 
accounted for this result by pointing out that with these two vowel pairs, the vowel 
sound that was being tested was in the initial position, and therefore the participants 
could not make use of the frequency information. In other words, for the speakers to be 
able to make use of the frequency of vowel sequences, first they need to be able to identi-
fy the first vowel in the word. 
To sum up, the results of this study show that since both in English and Turkish [a-i] 
is more common than [a-u], both languages pattern the same way although English is a 
vowel disharmonic language, and Turkish is a vowel harmonic language. What this means 
is that the relative frequencies of vowel sequences in a language affect the way how the 
speakers of a language process a stream of sounds regardless of whether the language has 
vowel harmony or not. 
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